
1

CERAMIC SUBSTRATE AND SINTERED ALUMINUM NITRIDE

FIELD OF THE INVENTION

The present invention relates essentially to a

5 ceramic substrate for the various apparatuses of use in

the manufacture. and inspection of semiconductor devices,

such as the hot plate (ceramic he.ater), electrostatic

chuck, wafer prover and so on..

10 BACKGROUND OF THE INVENTION

As the apparatuses for use in the manufacture and

inspection of semiconductor devices, inclusive of

etching equipment and chemical vapor-phase propagation

equipment, for instance, the heater, wafer prover, etc.

15 each comprising a substrate of metal such as stainless

steel or aluminum alloy have heretofore been employed.

However, the metallic heater has several drawbacks,,

such as a poor temperature control characteristic, large

thickness and consequent bulkiness, and poor resistance

20 to corrosive gases.

To overcome these drawbacks, a heater comprising a

ceramic substrate, such as an aluminum nitride ceramic

substrate, instead of a metal substrate has been developed.

The ceramic heater has the advantage that because of the

25 high rigidity of the ceramic substrate itself, warpage

of the substrate and other troubles can be prevented

without unduly increasing its thickness.

As the relevant technology, Japanese Kokai

Publication Hei-11-40330 discloses a heater comprising

30 a resistance heating element disposed on the surface of

a nitride ceramic substrate.

There is also disclosed, in Japanese Kokai

Publication Hei-9-4 8 6 69 , a heater comprising a blackened

aluminum nitride.

35 However, as experimentally demonstrated by the
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inventor of the present invention, these aluminum nitride

ceramics suffer reductions in volume resistivity with

increasing temperatures.

Particularly as the heater temperature rises to

500 a C, the volume resistivity becomes less than 10 a Q

•cm and when an electrically conductive layer is disposed

internally or on the surface of the board, a short-circuit

occurs or a leak current flows to sacrifice the practical,

utility of the heater.

SUMMARY OF THE INVENTION

The present invention provides a sintered, aluminum

nitride body and a ceramic substrate/ which show a volume

resistivity of not less than 10 8
Q, • cm even at an elevated

15 temperature of as high as 500°C.

The inventor of the present invention did

investigations for overcoming the above disadvantages of

the prior art and inferred the following mechanism for

a reduction in volume resistivity at an elevated

20 temperature.
Thus, nitride ceramics such as aluminum nitride

ce'ramics contain oxygen in the starting materials or in

the sintering aids used and this oxygen seems to find its

way into the crystal structure of metal nitride to form

25 the solid solution. The formation of the solid solution

results in that oxygen is substituted for the sites of

nitrogen and cause defects in aluminum are caused. When

a voltage is applied, such lattice defects behave as

electron pairs or positive holes and it is supposed that

30 the mobility of those defects is facilitated as the

temperature rises, with the consequent reduction in

volume resistivity.

The inventor did further studies and found that this

reduction in volume resistivity can be prevented by

35 incorporating boron in nitride ceramics.



3

The mechanism for this effect is not definitely

clear but it is suspected that the boron so added enters

into the lattice defects generated by the formation of

the oxygen- invo Iving solid solution and apparently

5 repairs the defects or interfere with the crystal defects

behaving as positive holes or electron pairs.

The present invention relates to a ceramic substrate

having a conductive layer disposed internally or on the

surface thereof, wherein said ceramic substrate

10 comprises a nitride ceramic and boron is contained. in said

nitride ceramic, and to a sintered aluminum nitride body

which contains boron.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 is a schematic longitudinal section view

showing an electrostatic chuck as an example of

application of the ceramic substrate or sintered aluminum

nitride body according to the invention;

Fig. 2 is a sectional view taken along the line A-A

20 -of Fig. 1;

Fig. 3 is a sectional view taken along the line B-B

of Fig. 1 ;

Fig. 4 is a schematic sectional view showing an

example of the static electrode pattern of an

25 electrostatic chuck;

Fig. 5 is a schematic section view showing another

example of the static electrode pattern of an

electrostatic chuck;

Fig. 6 is a schematic section view showing, a wafer

30 prover as an example of application of the ceramic

substrate or sintered aluminum nitride body according to

the invention;

Fig. 7 is a sectional view taken along the line A-A

of Fig. 6 ;

35 Fig. 8 (a)~(d) are schematic section views showing
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' a part of the manufacture process of an electrostatic

chuck; and

Fig. 9 is a sectional view of a heater employing the

ceramic substrate or sintered aluminum nitride body of

5 the invention.

DETAILED DESCRIPTION OF THE INVENTION

The ceramic substrate and sintered aluminum nitride

body according to the present invention contain boron.

10 The rationale for this addition of boron is that, as

inferred, while nitride ceramics contain oxygen which

tend to form solid solutions involving oxygen into the

ceramic crystal structure and thus create lattice defects,

boron appears to enter into t'he defects in the. crystal

15 ' to apparently repair the defects or interfere with the

crystal defects behaving as positive holes or electron

pairs, with the consequent inhibition of a reduction in

volume resistivity.

Said boron content is preferably 0.01-50 ppm (by

20 weight; this applies hereinafter) as determined by glow

discharge-mas.s spectrometry. (GD-MS method) . If the

level of boron is below 0.01 ppm, the reduction in volume

resistivity will not be inhibited. Conversely if the

level exceeds 50 ppm, boron rather contributes to the

25 formation of crystal defects to lower the volume

resistivity

.

Thus, the range of 0.01-50 ppm is critical for boron

to express the objective effect.

The optimum boron content is 0.05-5 ppm. Within

30 this range, boron does not interfere with the

sinterability of nitride ceramics and yet inhibits

reduction in volume resistivity.

Boron may be present as B atoms, B ions, or a compound

of boron such as BN

.

35 T he oxygen content is preferably 0 . 1-5 weight % .
If
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the oxygen content is less than 0.1 weight %, the

sinterability will be poor with the consequent decre.a;

in thermal conductivity and, in addition, the problem

which the invention is to solve rarely occurs.

5 Conversely if the upper limit of 5 weight % is exceeded,

oxygen will act as a barrier to reduce thermal,

conductivity

.

The oxygen content is adjusted by heating the

starting material powder in air or oxygen or adding a

10 sintering aid of oxide.

The ceramic substrate and sintered aluminum nitride

' body according to the present invention find application

in ceramic substrates for use in various apparatuses for

the manufacture and inspection of semiconductor devices.

The preferred thickness of the ceramic substrate or

sintered aluminum nitride body according to the present

invention is not greater than 50 mm.

If the thickness exceeds 50 mm, the heat capacity

of the ceramic substrate or sintered aluminum nitride body

will be increased and, when heating and cooling are

effected by providing a temperature control means, the

temperature follow-up characteristic will be adversely

affected by the large heat capacity.

The still more preferred thickness is not greater

than 20 mm. If the thickness is increased beyond 20 mm,

the heat capacity of the ceramic substrate or sintered

aluminum nitride body will still be so large that both

temperature controllability and the temperature

uniformity of the surface on which the semiconductor wafer

is to be placed (hereinafter referred to as wafer-

supporting surface) will be sacrificed.

The optimum thickness is not greater than 5 mm. The

thickness is preferably not less than 1 mm.

In using the ceramic substrate or sintered aluminum

35 nitride body of this invention for semiconductor devices

,
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the semiconductor wafer is placed in contact with the

wafer-supporting surface or, at times, supported by

support pins or the like at a certain distance from the

ceramic substrate.

5 The preferred diameter o f -the ceramic substrate or

sintered aluminum nitride body according to the present

invention is greater than 200 mm. More preferably, the

diameter is not less than 12 inches (300 mm) .
This is

because next -generation semiconductor wafers will call

10 for such ceramic substrates as the mainstream.

The porosity of said ceramic substrate or 'sintered

aluminum nitride body is preferably 0 volume % or not

greater than 5 volume %. If the porosity exceeds 5

volume %, the thermal conductivity, will be decreased or

15 warpage at high temperature may develop. The porosity

is preferably determined by the method of Archimedes.

The sintered body is crushed, the specific gravity is

determined and the porosity is calculated from true

specific gravity and apparent specific gravity.

20 Fo r use in semiconductor devices, the ceramic

substrate or sintered aluminum nitride body of the present

invention is preferably one having a Young's modulus of

not less than 280 GPa over a temperature range of 25~800°C.

If the Young's modulus is less than 280 GPa, the

25 rigidity will be insufficient so that the degree of

warpage by heating may hardly be reduced and, if such

warpage is not prevented, the semiconductor wafer may be

destroyed

.

The nitride ceramics forming the ceramic substrate

30 for semiconductor devices employing the ceramic

substrate or sintered aluminum nitride body of the present

invention include but are not limited to metal nitride

ceramics such as aluminum nitride, silicon nitride, boron

nitride and titanium nitride ceramics.

35 sintering aids- or dopants are preferably present in
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the ceramic substrate or sintered aluminum nitride body

of the present invention. The sintering aids which can

be used include alkali metal oxides, alkaline earth metal

oxides and rare earth metal oxides . Among these, CaO,

5 Y 20 3 ,
Na 2 Q, Li 2 G and Rb 2 Q 3 are particularly preferred.

Alumina may also be used. The sintering aid content xs_

preferably 0.1-20 weight %.

The ceramic substrate or sintered aluminum nitride

body of the. present invention preferably contains 5 0-5000

10 ppm of carbon. This is because by incorporating carbon

in this manner, the ceramic substrate or sintered aluminum

nitride body can be blackened and the radiant heat can

be utilized with advantage when it is applied to a heater.

The carbon may be amorphous or crystalline. With

15 amorphous carbon, the reduction in volume resistivity at

an elevated temperature can be prevented, while

crystalline carbon is useful for preventing the reduction

in thermal conductivity, at a high temperature. Therefore,

depending on uses, both crystalline carbon and amorphous

20 carbon may be used in a suitable combination. The

particularly preferred carbon content is 200-2000 ppm.

When carbon is incorporated in the ceramic sub s trate

or sintered aluminum nitride body, the proportion of

carbon is preferably such that the lightness value wxll

25 be N4 or less according to JIS Z 8 721. The board having

a lightness value of this order is excellent in the

available amount of radiant heat and in hiding power.

N as a unit of lightness is defined as follows.

With the lightness of ideal black being taken as 0

30 and the lightness of ideal white as 10, the color dimension

is divided into 10 equi-spaced sensory levels of Ixghtness

between 0 and 10 and each color is expressed on a scale

of NO through N10. . The actual measurement of lightness

is made in comparison with color cards corresponding to

35 NO-N10. in this expression, the first decimal place is
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rounded to 0 or 5 .

The ceramic substrate or sintered aluminum nitride

body according to the present invention is a ceramic

substrate for use in the apparatuses for the manufacture

5 or inspection of semiconductor devices and, as specific

apparatuses, there can be mentioned electrostatic chucks,

wafer provers, hot plates and susceptors, among others.

BEST MODES FOR CARRYING OUT THE INVENTION

10 Fig . i is a schematic longitudinal cr o s s - s e c t io

n

view showing an electrostatic chuck as an embodiment of

the ceramic substrate or sintered aluminum nitride body

according to the invention;

Fig. 2 is a sectional view of the electrostatic chuck

15 as taken along the line A- A of Fig. 1; and

Fig. 3 is a sectional view.of the same chuck as taken

along the line B-B of Fig. 1.

This electrostatic chuck 101 comprises a ceramic

substrate 1 which is circular in plan view and, as embedded

20 therein, a static electrode layer consisting of a chuck

positive electrode static layer 2 and a chuck negative

electrode static layer 3. Further shown as set on the

electrostatic chuck 101 is a silicon wafer 9 which is

grounded

.

25 ~ A ceramic layer is formed on said static electrode

layer to cover the latter. This ceramic layer functions

as a dielectric film for attracting the silicon wafer 9

and will hereinafter be referred to as ceramic dielectric

film 4.

30 As illustrated in Fig. 2, the chuck positive

electrode static layer 2 consists of a semi-arc part 2a

and a comb-shaped part 2b and the chuck negative electrode

static layer 3 also consists of a semi-arc part 3a and

a comb-shaped part 3b. These chuck positive electrode

35 static layer 2 and chuck negative electrode static layer
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3 are disposed face-to-face in such a manner that the teeth

of one comb-shaped part 2b extend in staggered relation

with the teeth of the other comb-shaped part 3b. The

chuck positive electrode static layer 2 and chuck negative

electrode static layer 3 are connected to the + and -

terminals respectively of a direct power supply so that

the direct-current (DC) voltage V 2 may be applied between

the layers

.

Disposed internally of said ceramic substrate 1 is

a resistance heating element 5 configured as concentric

circles in 'plan view as shown in Fig.. 3 for controlling

the temperature of the silicon wafer 9, and an external

terminal pin 6 is connected and rigidly secured to either

end of each circular pattern of said resistance heating

15 element 5 so that the voltage V l can be applied through

the terminal pin. Though not shown in Figs. 1 and 2 but

as shown in Fig. 3, this ceramic substrate 1 is formed

with blind holes 11 for accepting temperature sensor

probes and t hr ough - ho 1 e s 12 for insertion of support pins

20 (not shown in Fig. 3) for supporting the silicon wafer

9 in a vertically movable manner - It should be understood

that the resistance heating element 5 may be formed on

the bottom side of the ceramic substrate 1. Moreover,

where necessary, an RF electrode may be embedded in the

25 ceramic substrate 1.

For operating this electrostatic chuck 101, a DC

voltage V z is applied between the chuck positive electrode

static layer 2 and chuck negative electrode static layer

3. Upon application of V 2 , a static force is generated

30 between the chuck positive electrode static layer 2 and

chu.ck negative electrode static layer 3 to attract the

silicon wafer 9 toward these electrodes through the

ceramic dielectric film 4 and set in position on the

electrostatic chuck 101. After the silicon wafer 9 has

35 been immobilized on the chuck 101 in this manner, the wafer
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9 is subjected to various treatments such as CVD

.

The above electrostatic chuck having static

electrode layers and a resistance heating element may have

the structure illustrated in Figs. 1-3,. for instance.

5 Regarding the various constituent members of this

'electrostatic chuck, the members and structural details

not described in the foregoing general description of the

ceramic substrate for semiconductor application are now

described .in detail.

10 The ceramic dielectric film 4 on the static

electrodes is preferably formed from the same material

as used for the other part of the ceramic substrate. This

is because green sheets and so forth can be prepared in

the same process and laminates of these can be sintered

15 in one operation to provide the ceramic substrate 1.

The ceramic dielectric film 4 preferably contains

carbon as do the other part of the ceramic substrate. 1.

This is because the static electrodes can then be hidden

and a large amount of radiant heat be utilized.

20 Moreover, said ceramic dielectric film 4 preferably

contains an alkali metal oxide, an alkaline earth metal

oxide and/or a rare earth metal oxide. These oxides act

as sintering aids, for. example, and contribute to

formation of a high-density dielectric film.

25 The preferred thickness of said ceramic dielectric

film 4 is 50-15 0 0 fim. If this dielectric film 4 is. less

than 50 Mm thick, a sufficient withstand voltage value

will not be obtained because the film is excessively thin,

and when the silicon wafer is set thereon and absorbed

30 thereby, puncture of the film may at times occur. On the

other hand, when the thickness of said ceramic dielectric

film 4 exceeds 1500 Mm, the increased distance between

the silicon wafer and the static electrodes results in

a reduction in the attraction force necessary to absorb

35 the silicon wafer. The more preferred thickness of the
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ceramic dielectric film 4 is 5-1500 Mm.

The static electrodes to be formed internally of the

ceramic substrate 1 may for example be. sintered metal

electrodes, sintered electrically conductive ceramic

electrodes, o r me t a 1 1 e a f e 1 e c t r o d e s . The me t al f o r s aid

sintered metal is preferably at least one member selected

from the group consisting of tungsten and molybdenum. .

The metal leaf is also preferably a leaf of the same

material as said sintered metal. The above-mentioned

metals are comparatively hardly oxidizable and each has

a sufficient electrical conductivity for use as the

electrode. For the electrically conductive ceramics, at

least one member selected from the group consisting of

the carbides of tungsten and molybdenum may be used.

Figs. 4 and 5 are schematic horizontal cross-sect ion

views showing static electrodes for other electrostatic

chucks. In the electrostatic chuck 20 shown in Fig. 4,

a chuck positive electrode static layer 22 and a chuck

negative electrode static layer 23, both having a

semi-circular configuration, are disposed internally of

the ceramic substrate 1. In the electrostatic chuck 30

shown in Fig. 5, a. couple of chuck positive electrode

static layers 32a, 32b and a couple of chuck negative

electrode static layers 33a, 33b, all having a quadrant

configuration, are formed internally of the ceramic

substrate 1.

The two chuck positive electrode static layers 32a,

32b and the two chuck negative electrode static layers

33a, 33b are disposed alternately.

When the electrodes are formed in segments of a

circle, for instance, the number of segments is not

particularly restricted but may for example be 5 or more,

and the configuration of each segment is not restricted

to a sector.

The resistance heating element may be disposed
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internally of the ceramic substrate 1 as illustrated in

Fig. 1 or on the bottom side of the ceramic substrate 1.

In case a resistant heating element is provided, a

supporting vessel in which the electrostatic chuck is
'

fitted may be provided with a blowing port for introducing

a cooling medium such as air as cooling means.

The resistance heating element may for example be

formed from a sintered metal, a sintered electrically

conductive ceramic material, a metal leaf or a metal wire.

The metal for said sintered metal is preferably at least

one member selected from the group consisting of tungsten

and molybdenum. These metals are comparatively

resistant to oxidation and have high resistance values

sufficient to generate heat.

The electrically conductive ceramic material

mentioned above may be at least one member selected from

the carbides of tungsten and molybdenum.

When the resistance heating element is to be

disposed on the bottom side of the ceramic substrate 1,

the metal for said sintered metal is also preferably

selected from among noble metals (gold, silver, palladium,

platinum, etc.) and nickel. Specifically, silver or

silver-palladium, for instance, can be used.

The metal powder for use in the preparation of said

25 sintered metal may for example be spherical, flaky, or

mixed spherical-flaky.

The sintered metal body may contain metal oxides.

The incorporation of such metal oxides is intended to

insure improved adhesion of" the metal powder to the

ceramic' substrate. The mechanism for this improvement

in the adhesion between the metal powder and the ceramic

substrate is not necessarily clear but is supposedly as

follows. The surface of the metal particle forms a thin

oxide film, while on the surface of the ceramic substrate,

whether it is an oxide ceramic substrate or a non-oxide

20

30

35
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ceramic substrate, an oxide film is formed. Therefore,

these oxide films are sintered together to give a united

layer on the surface of the ceramic substrate through the

added metal oxide to thereby establish an intimate

adhesion between the metal powder and the ceramic

substrate

.

The metal oxide mentioned above is preferably at

least one member selected from among lead oxide, zinc

oxide, silica, boron oxide (B,0,), alumina, yttria, and

titania. These oxides improve the adhesion of the metal

powder to the ceramic substrate without increasing the

resistance value of the heating element.

The level of addition of said metal oxide is

preferably not less than 0.1 weight part but less than

10 weight parts based on each 100 weight parts of the metal

powder. By using the metal oxide within this range, the

adhesion between the metal powder and the ceramic

substrate can be improved without causing an excessive

increase in the resistance .value

.

20 The preferred amounts of said lead oxide, zinc oxide,

si lica, boron oxide (B.O,), alumina, yttria and titania,

based on 100 weight parts of the total metal oxide, .are

preferably 1~10 weight parts of lead oxide, 1~30 weight

parts of silica, 5-50 weight parts of boron oxide, 20-70

25 weight parts of zinc oxide, 1-10 weight parts of alumina,

l~5o'weight parts of yttria, and 1-50 weight parts of

titania. However, the total amount of these oxides must

benot more than 100 weight parts. Above range xs

particularly contributory to an improved adhesion to the

30 ceramic substrate.

When the resistance heating element is to be

disposed on the bottom side of the ceramic substrate, the

surface of the resistance heating element is preferably

covered with a metal layer. The resistance heating

^~a ^-f a wintered body of metal powder
element is comprised of a smrereo uuuy

35
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When the ceramic substrate for semiconductor

devices employing the ceramic substrate or sintered

aluminum nitride body of the present invention is provided

with a conductor on its surface as well as internally and

5 the internal conductor is at least either a guard

electrode or a ground electrode, the ceramic substrate

may function as a wafer prover.

Fig- 6 is a schematic c r o s s - s e c t i o n view showing a

wafer prover 201 as an embodiment of the ceramic substrate

10 or sintered aluminum nitride body of the present invention

and Fig-. 7 is a sectional view of the same wafer prover

as taken along the line A- A of Fig. 6.

In this wafer prover 201, a plurality of grooves 47

circular in plan view and arranged in concentric relation

15 are formed on the surface of the ceramic substrate 43 which

is also circular in plan view, with a plurality of suction

holes 48 for attracting a silicon wafer being

strategically formed in said grooves 47, and a chuck top

conductive layer 42 for electrical connection to

20 electrodes of a silicon wafer is formed in a circular

pattern on most of the surface of the ceramic substrate

43 inclusive of said grooves 47.

On the bottom side of the ceramic substrate 43,

heating element 49 configured in concentric circles in

25 plan view as illustrated in Fig. 3 is disposed for

controlling the temperature of the silicon wafer and an

external terminal pin (not shown in Fig. 3) is rigidly

connected to either end of each circular pattern of the

heating element 49. There are also provided, inside of

30 the ceramic substrate 43, a guard electrode 45 patterned

as a grating or grid in plan view and a ground electrode

46 (Fig. 7) for eliminating stray capacitor and noise.

The guard electrode 45 and ground electrode 46 may be made

of the same or similar material as said static electrodes .

35 The thickness of the chuck top conductive layer 42

a
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is preferably 1~20 (ii. If it is less than 1 Mm, the

resistance value will be so high that the electrode

function may not be realized. On the other hand, if the

thickness exceeds 20 Mm, the strain in the conductor will

make the layer ready to peel off.

The chuck top conductive layer 42 can be made of at

least one metal selected from among high-melting point

metals such as copper, titanium, chromium, nickel, noble

metals (gold, silver, platinum, etc.), tungsten and

mo lybde num

.

With the wafer prover constructed as above, a

continuity- test can be performed by placing a silicon

wafer formed with an integrated circuit on the prover,

pressing a probe card carrying tester pins against the

wafer, and applying a voltage under heating and cooling.

Referring to the process for manufacturing the

ceramic substrate for semiconductor application

employing the ceramic substrate or sintered aluminum

nitride body of the present invention, an example of

procedure for fabricating an electrostatic chuck is now

described, reference being had to the s e c t io nal vi ew shown

in Fig. 8.

(1) First, a nitride ceramic powder, a boron compound,

a binder and a solvent are mixed together and the resulting

composition is molded to prepare green sheets 50. When

carbon is added, said crystalline and/or amorphous carbon

is selected according to the desired characteristics and

its amount is accordingly adjusted.

As the boron compound mentioned above, boron nitride

boron carbide, boric acid, etc. can be employed.

As an alternative, the boron compound can be

incorporated by a method which comprises contacting a

boron nitride sheet with a sintered product and heating

them together at 1 5 0 0 ~ 1 9 0 0 " C to effect thermomigra tion.

The ceramic powder mentioned above may for example
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be an aluminum nitride powder and, where necessary, may

be supplemented with said sintering aids such as yttria.

Several or one unit of the green sheet 50' to be

disposed in layers on the green sheet printed with a static

electrode layer pattern 51, which is described

hereinafter, is intended to serve as a ceramic dielectric

film and, therefore, may be different in composition from

the ceramic substrate depending on the objective and so

forth. An alternative procedure comprises preparing a

ceramic substrate in the first place, forming a static

electrode layer thereon, and further forming a ceramic

dielectric film thereon.

As the binder, it is preferable to use at least one

member selected from the group consisting of acrylic

binder, ethyl cellulose, butyl cellosolve and polyvinyl

alcohol )

.

The solvent is preferably at least one member

selected from the group consisting of a-terpineol and

glyco 1

.

The above ingredients are mixed and the resulting

paste is molded into a sheet using the doctor blade

technique to provide the green sheet 50.

Where necessary, this green sheet 50 can be provided

with through holes. for accepting silicon wafer-

supporting pins and cavities for embedding thermocouples

therein. The through holes and cavities mentioned above

can be formed by a suitable technique such as punching.

The preferred thickness of the green sheet 50 is

about 0.1-5 mm

.

(2) Then, the green sheet 50 is printed with a conductive

paste to form said static electrode layer and/or

resistance heating element.

This printing is performed so as to attain a desired

aspect ratio taking the shrinkage of green sheet 50 into

consideration: In this manner, the static electrode
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layer pattern 51 and resistance heating element layer

pattern 52 can be accurately formed.

These patterns are formed by' printing an

electrically conductive paste containing an electrically

5 conductive ceramic powder or a metal powder.

As the conductive ceramic powder for use in such a

conductive paste, tungsten carbide powder or molybdenum

carbide powder is the best choice. These powders are

hardly oxidized and hardly cause a reduction in thermal

10 conductivity.
The metal powder which can be used include but are

not limited to powders of tungsten, molybdenum, platinum

and nickel.
The average particle diameter of said conductive

ceramic powder or metal powder is preferably 0.1-5 Mm.

With powders outside this particle size range, the

conductive paste. cannot be neatly printed.

The optimum paste is a conductive paste prepared by

mixing 85-97 weight parts of a metal or electrically

conductive ceramic powder with 1.5-10 weight parts of at

least one kind of binder selected from among acrylic

binder, ethyl cellulose, butyl cellosolve and polyvinyl

alcohol), and 1.5-10 weight parts of at least one kind

of solvent selected from among a-terpineol, glycol,

25 ethanol and butanol.

in addition, said through holes, formed by, for

example, punching, are filled with the conductive paste

' to provide plated-thr ough hole patterns 53, 54.

(3) Then, as illustrated in Fig. 8 (a), the green sheets

50 carrying said printed patterns 51, 52, 53 and 54 are

laminated with unprinted green sheets 50' . On the green

sheet printed with the static electrode layer pattern 51,

several or one unit of the green sheet 50' is disposed

in layers. Lamination of the unprinted green sheet 50'

on the side carrying the resistance heating element is

20

3 0

35



19

10

15

20

25

30

35

intended to prevent exposure of the end faces of. said

plated-through holes and consequent oxidation thereof

during the sintering for. the formation of a resistance

heating element. If the sintering operation for forming

the resistance heating element is carried out with the

end faces of the plated-through holes remaining exposed,

it will become necessary toperforma sputtering operation

using a hardly oxidizable metal such as nickel and,

preferably, further perform a covering operation using

an Au-Ni brazing material.

(4) Then, as illustrated in Fig. 8 (b), the laminate is

heated under pressure to sinter the green sheets and

conductive paste.

The preferred heating temperature is 1000~2000°C

and the preferred pressure is 100-200 kg/cm 2
.

This

application of heat and pressure is carried out in an inert

gas atmosphere. The inert gas may for example be argon

gas or nitrogen gas. By this process, formation of the

plated-through holes 16, 17, chuck positive electrode

static layer 2, chuck negative electrode static layer 3,

and resistance heating element 5 and others are completed.

(5) Then, as illustrated in Fig. 8 (c), blind holes 13,

14 for connecting external terminals are formed.

Preferably, the internal walls of said blind holes

13, 14 are made electrically conductive at least in part

and the internal walls thus made conductive are connected

to the chuck positive electrode static layer 2, chuck

negative electrode static layer 3, and resistance heating

element 5 and so forth.

(6) Finally, as illustrated in Fig. 8 (d), external

terminals 6, 18 are set in the blind holes 13, 14 and locked

in position by gold brazing. In addition, where

necessary, blind holes may be formed for embedding

thermocouples therein.

The solder which can be used includes various alloys
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such as silver-lead, lead-tin, bismuth-tin, and other

alloys. The thickness of the solder layer is preferably

0.1-50 Mm, for within this range, a sufficiently stable

soldered connection can be obtained.

5 Though the manufacture of the electrostatic chuck

101 (Fig- 1) has been taken as an example in the above

description, a wafer prover can also be manufactured as

follows. For example, as in the manufacture of the

electrostatic chuck, a ceramic substrate with a

10 resistance heating element embedded is first fabricated,

then the surface of the ceramic substrate is formed with

grooves and a metal layer is formed, by sputtering,

plating or other techniques, on the surface formed with

said grooves

.

15 Thus, the ceramic substrate and sintered aluminum

nitrite body according to the present invention can be

applied to various apparatuses for use in the manufacture

or inspection of semiconductor devices, such as the hot

plate' (ceramic heater), electrostatic chuck, wafer

20 prover, and susceptor.

The following examples illustrate the present

invention in further detail, it being to be understood,

of course,, that the invention is by no means restricted

by these examples.

25

30
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EXAMPLES

F, x ample—

L

(1) compositions of 1000 weight parts of aluminum

nitride powder (average particle diameter: 1.1 Mm,

product of Tokuyama) , 4, 10 , 20, 3 0 , 40 , 4 d , or 4 0 weight

parts of yttria (average particle diameter: 0.4 Mm),

2.4xl0- 5
,
2.6x10-, 1.3x10-, 2.6x10-, 10.6x10-, 21.3x10-,

or 53.3x10- weight parts of boron nitride, 120 weight

parts of acrylic binder, and the balance of alcohol were

respectively spray-dried to provide 7 kinds of granular
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powder s

.

(2) Each of these granular powders was packed in a metal

mold and formed into a plate (green) . This green plate

was drilled to form holes corresponding to the

5 through-holes . 95 for accepting silicon wafer 99-

supporting pins 96 and holes 94 (diameter: 1*1 mm, depth:

2 mm) corresponding to the blind holes for embedding

thermocouples therein.

(3) The green plate which had undergone the above

10 processing was hot-pressed at a temperature of 1800°C and

a pressure of 200 kg/cm 2 to provide a 3 mra-thick aluminum

nitride ceramic plate.

Then, a disk with a diameter of 210 mm was cut out

from the above plate for use as a ceramic plate (heater

15 plate ) 91 .

(4) The heater plate obtained in (.3) above was printed

with a conductive paste by the screen printing technique.

The printing pattern consisted of concentric circles.

The conductive paste used was Solbest PS603D

20 (Tokuriki Kagaku Kenkyusho) which is commonly used in the

formation of p 1 a t e d - 1 hroug h holes in printed circuit

boards

.

. The above conductive paste was a silver-lead paste

containing, based on each 100 weight parts of silver, 7.5

25 weight parts of metal oxide consisting of lead oxide (5

weight %) , zinc oxide (55 weight %) , silica (10 weight %) ,

boron oxide (25 weight %) , and alumina (,5 weight %) -
The

silver powder was a flaky powder having an average

particle diameter of 4.5 m m

.

30 (5) Then, the heater plate, printed with the conductive

paste as above was heated at 780°C to sinter the silver

and lead in the paste and bake them onto the heater plate

91 to provide a heating element 92. This silver-lead

heating element was 5 Mm thick * 2.4 mm wide and had an

35 area resistivity of 7.7 mQ/d.
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(6) The heater plate 91 fabricated in (5) above was

dipped in an electroless nickel plating bath comprising

an aqueous solution of nickel sulfate 80 g/1, sodium

hypophosphite 24 g/1, sodium acetate 12 g/1, boric acid

8 g/1 and ammonium chloride 6 g/1, whereby a metallic cover

layer (nickel layer) 92a was formed in a thickness of 1

M m on the surface of the silver-lead heating element 92.

(7) The parts on which the terminals are to be set for

connection, to a power source were formed by the screen

printing technique using an Ni-Au brazing material.

Then, external terminals 93 made of Kovai* were

superposed thereon and, after the thermocouples for

temperature control were inserted, they were connected

with an 81 . 7AU-18 . 3Ni gold brazing material (fused by

15 heating at 1030°C) to provide the ceramic heat er

illustrated in Fig. 9.

rn
ffl
pa ra t 1 ve Example

A heater was fabricated in basically the same manner

as in Example 1 except that the amounts of yttria and boron

20 were altered as shown in Table 1.

The heaters according to Example 1 and the heaters

according to Comparative Example were respectively

' actuated up to a temperature of 4 0 0 ° C and the temperature

Jrise time and the volume resistivity were measured. The

25 oxygen content and boron content were also determined.

The results are presented in Table 1.

Evaluation Methods

1. Oxygen content

A sample body prepared by sintering under the same

conditions as used for the sintered body of Example was

pulverized in a tungsten mortar and a 0.01 g portion was

taken and analyzed with an o xy g e n- n i t r o g e n simultaneous

analyzer (product of LECO; TC-136) under the conditions

of a sample heating temperature of 2 2 0
0

° C and a heating

35 time of 30 seconds.

30
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2. Boron content

Glow discharge-mass spectrometry (GD-MS method)

was used. The analysis was entrusted to Shiva

Technologies, Inc., U.S.A. (TEL: 3 15-699-5332, FAX:

5 315-699-0349).

3. Volume resistivity

The sintered body was machined to prepare a

testpiece 10 mm in diameter * 3 mm in thickness and this

testpiece was formed with 3 terminals (main electrode,

10 'counter electrode and guard electrode) . A DC current (V)

was applied to the terminals and the current (I) flowing

through a digital electrometer after 1 minute of charging

was read to find the resistance (R) value of the testpiece.

Then, the volume resistivity ( p ) was calculated from the

15 resistance (R) value and size of the testpiece by means

of the following expression ( 1 ) .,

e S V

In the above expression (1), t represents the

thickness of the testpiece and S is given by the following

20 equations (2) and (3) .

Do=2ro= = 1 . 52 5 o m " (2)

S = =1. 83cm" •••(3)
4

In the above equations (2) and (3), D, represents

the diameter of the main electrode, D 2
represents the

25 inner dimension (diameter) of the guard electrode. In

this example, D^l.45 cm and D 2 = l-60 cm.
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It can be understood from Table 1 that the reduction

in volume resistivity cannot be prevented when the amount

of boron exceeds the defined- range and when it is below

the range. This is presumably because if the amount of

boron is too small, lattice defects behaving as positive

holes or electron pairs cannot be inhibited, and, on the

other hand, if the amount of boron is too great, new

lattice defects appear to be formed.

Meanwhile,- an excessively large oxygen content or

a shortage of oxygen results in a prolongation of the

temperature rise time and" an increase in the throughput

-time required for the manufacture of a semiconductor wafer.

Moreover, an. excess of oxygen tends to lower the volume

resistivity. It is supposed that if the amount of oxygen

15 is too small, sinterability will be adversely affected

and thus-formed internal voids lowers the volume

resistivity. In addition, it is supposed that if the

oxygen content is too .high, the above-mentioned

inhibitory effect of boron will not be sufficiently

20 expressed.

F. x ample—2.

Manufacture of an electrostatic chuck (Figs. 1-3).

(1) Using a paste comprising a mixture of 1000 weight

parts of aluminum nitride powder (product of Tokuyama;

2.5 average particle diameter 1.1 Mm), 40 weight parts of

yttria (average particle diameter 0.4 Mm), 1.3x10 3

weight parts of boron nitride, 115 weight parts of

acrylate binder, 5 weight parts of dispersant, and 530

weight parts of alcohol consisting of 1-butanol and

ethanol, green sheets 50 having a thickness of 0.47 mm

were molded by the doctor blade technique.

(2) After drying at 80°C for 5 hours, those green sheets

50 requiring processing were punch-formed with holes xn

the positions corresponding to the t hr o ugh -ho 1 e s for



26

accepting semiconductor wa f e r - s upp o r t i ng pins (1.8 mm,

3.0 mm, 5.0 mm in diameter) and holes in the positions

corresponding to the p 1 a t e d - t hr o ugh holes 53, 54 for

connecting external terminals.

5 (3) A conductive paste A was prepared by mixing 100

weight parts of a tungsten carbide powder having an

average particle diameter of 1 fi m , 3.0 weight parts of

acrylic binder, 3.5 weight parts of a-terpineol and 0.3

weight part of dispersant

.

10 a conductive paste B was also prepared by mixing 100

weight parts of a tungsten. powder. having an average

particle diameter of 3 urn, 1.9 weight parts of acrylic

binder, 3.7 weight parts of a-terpineol as solvent and

0.2 weight part of dispersant.

25 xhe green sheet 50 was printed with the above

conductive paste A by the screen printing technique to

form a conductive paste layer according to the resistance

heating element. The printing .pattern consisted of

concentric circles. The other green sheet 50 was formed

20. with a conductive paste layer according to the static

electrode pattern shown in Fig. 2.

(4) Then, the above conductive paste B was filled into

the through holes to provide plated-through holes for

connecting external terminals.

25 To the green sheet 50 having the resistance heating

element pattern, 34 units of the green sheet 50 T not

printed with the tungsten paste were laminated on the top

side (heating surface) and 13 units of the same green sheet

50 T on the bottom side. On top of this laminate, t.he green

30' sheet 50 formed with a printed- conductive paste layer

according to the static electrode pattern was further

laminated, and still further on top of this laminate, 2

units of the green sheet 50 T not printed with the tungsten

paste were laminated. The whole assembly was pressed at

35 a temperature of 130°C and a pressure of 80 kg/cm 2 to
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(7) The heater plate printed with the conductive paste

was heated at 7 8 0 °C to sinter the silver and lead in the

conductive paste and bake the paste onto the ceramic

substrate 43. In.addition, the heater plate was dipped

5 in an electroless nickel plating bath comprising an

aqueous solution of nickel sulfate 30 g/1, boric acid 30

g/1, ammonium chloride 30 g/1 and Rochelle salt 60 g/1

to deposit a nickel layer (not shown in Fig. 6) having

a thickness of 1 M m and a boron content of 1 weight % on

10 the surface of the sintered silver 49. Thereafter, this

heater plate was annealed at 120°C for 3 hours.

The heating element comprising a sintered silver

body was 5 Aim thick and 2.4 mm wide and had an area

resistivity of 7.7 mQ/D.
15 (8) On the surface formed with grooves 47, a titanium

layer, a molybdenum layer and a nickel layer was serially

constructed by the sputtering technique. As the

sputtering equipment, Japan Vacuum Technology Co.

SV-4540 was used. The sputtering conditions were

20 atmospheric pressure. 0.6 Pa, temperature 100°C and power

200 W and the sputtering time was adjusted according to

the kind of metal within the range of 30 seconds to 1

mi nut e .

As analyzed from the image output of a fluorescent

25 x-ray analyzer, the thickness of each film obtained was

the titanium layer: 0.3 Mm, the molybdenum layer: 2

Mm, and the nickel layer: 1 Mm.

(9) The ceramic substrate obtained in (8) above was

dipped in an electroless nickel plating bath comprising

30 an aqueous solution of nickel sulfate 30 g/1, boric acid

30 g/1, ammonium chloride 30 g/1 and Rochelle salt 60 g/1

to thereby deposit a nickel layer having a thickness of

7 Mm and a boron content of not greater than 1 weight %

on the surface of said metal layer formed by sputtering

35 and an annealing operation was performed at 120°C for 3
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hours .

The surface of the heating element was not applied

an electric current and thus not covered by electrolytic

nickel plating.

5 Then, the board was dipped in an electroless gold

plating. bath containing potassium gold cyanide 2 g/1,

ammonium chloride 75 g/1, sodium citrate 50 g/1 and sodium

hypophosphite 10 g/1 at 93°C for 1 minute to deposit a

1 /zm-thick gold layer on the nickel layer.

10 (10) Air suction holes 48 extending from the grooves 47

to the reverse side were formed by drilling and blind holes

(not shown in Fig. 6) for exposing the p 1 a ted- thro ugh

holes 16 were also formed. In the blind holes thus

exposed, an Ni-Au brazing alloy (Au 81.5 weight %, Ni 18 . 4

15 weight %, impurity 0.1 weight %) was caused to reflow under

heating at 970°C to connect external terminal pins made

of KovalV Moreover, external terminal pins of Koval*

were attached to the heating element through a solder (tin

90 weight %/lead 10 weight %).

(11) Then, a plurality of thermocouples for temperature

control were embedded in the cavities to provide a wafer

prove r heater 201.

Although the temperature of the ceramic -substrate

was then increased to 2 0
0

" C , no troubles, such as a

short-circuit, were encountered. Moreover, the

temperature rise time was remarkably reduced to 30

seconds

.

As described above, in the ceramic substrate and the

sintered aluminum nitride body according to the invention,

the reduction in volume resistivity can be inhibited

without sacrificing its thermal conductivity (that is to

say without adversely affecting the temperature up-

and-down characteristic) by using -boron.

20

25

30


